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Methods
and results

This study aimed to evaluate the real effects of calcium supplementation on cardiovascular outcomes within a
population-based cohort.

From a nationwide health screening database in South Korea, a total of 11 297 patients with osteoporosis who had taken
calcium supplementation with or without vitamin D for at least 90 days [total calcium group; calcium supplementation
only (CaO), n = 567; calcium supplementation in combination with vitamin D (CaD), n = 10 730] were matched at a
1:1 ratio to patients who had not taken calcium supplements (control group) by using propensity scores. The overall
mean age was 59.9 &+ 8.8 years and the percentage of women was 87.9% in our study population. Over a median
follow-up of 54 months, the incidence rate of composite cardiovascular diseases (CVDs) per 1000 person-years was
not different between the groups: 9.73 in the total calcium group and 8.97 in the control group [adjusted hazard ratio
(HR): 1.12; 95% confidence interval (Cl): 0.99-1.28; P = 0.08]. However, calcium supplementation without vitamin D
was associated with an increased risk of composite CVD (HR: 1.54; 95% CI: 1.17-2.04; P < 0.01), especially non-fatal
myocardial infarction (HR: 1.89; 95% Cl: 1.23-2.91; P < 0.01), compared with no calcium supplementation.

Conclusion Our population-based study supported that taking calcium supplementation combined with vitamin D did not appear
to be harmful to cardiovascular health, but reminded that calcium supplementation without vitamin D should be used
carefully even in populations with low dietary calcium intake.
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Introduction Calcium Study reported an unexpected warning signal of a higher

risk of myocardial infarction (MI) with calcium supplementation.®’

Practice guidelines recommend calcium and vitamin D supplementa-
tion for the prevention and treatment of osteoporosis, especially for
older patients at high risk of fracture.” Although these compounds
are certainly necessary for bone health, they provide inconclusive re-
sults in terms of clinically meaningful reductions in fractures.># Evi-
dence regarding their impacts on additional anti-fracture efficacy of
anti-resorptive agents is still lacking.® In the midst of this debate, the
adverse effect of calcium supplementation on the cardiovascular sys-
tem has been a concern since a secondary analysis of the Auckland

A significant number of studies have not reached consistent con-
clusions regarding the association between calcium supplementation
and cardiovascular events; therefore, applying those results to pop-
ulations with different backgrounds has been challenging.®? For clar-
ity, large-scale randomized controlled trials (RCTs) with long-term
follow-up data are needed, although this seems to be a difficult en-
deavour.!® None of the previous large-scale RCTs on calcium sup-
plementation involved primary cardiovascular endpoints.'’~"* On
the other hand, existing meta-analyses on this topic have reported
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generally similar findings, suggesting a slight increase in the risk of car-
diovascular diseases (CVDs), especially Ml, although some were not
found to be statistically significant.’"'® Given the uncertainty, this
issue should be clarified using multiple sources. Some epidemiologi-
cal studies have evaluated this issue with reliable methods; however,
most of them were based on Caucasians with moderate to high
intake of dietary calcium, which limits the generalizability of their
results to other populations with low dietary calcium intake.”-"” Fur-
thermore, the concomitant use of vitamin D with calcium supple-
mentation should be considered given that vitamin D has possible
beneficial effects on the cardiovascular system and that a substan-
tial number of calcium supplement formulations are combined with
vitamin D.20-23

Therefore, this study aimed to evaluate the association be-
tween calcium supplementation and major adverse cardiovascu-
lar events among people with osteoporosis in a region with low
daily calcium intake. We also assessed the effect of the com-
bined use of vitamin D and calcium supplements on cardiovascular
risk.

Methods

Data sources and study cohort

This retrospective propensity-matched cohort study used the Ko-
rean National Health Insurance Service Health Screening Cohort
(NHIS-HEALS), including 514 866 individuals aged 40-79 years from
South Korea. The detailed cohort protocol is presented in the
Supplementary material online, Methods and has been published pre-
viously.2* This study was approved by the Institutional Review Board
(IRB) of Korea University Anam Hospital (IRB number 2019AN0284).
Informed consent was waived, because data from the NHIS-HEALS do
not involve any personally identifiable data. The process of selecting
study participants is summarized in Supplementary material online, Fig-
ure S1. From the original NHIS-HEALS database, we selected patients
with osteoporosis (ICD-10 codes M80-M82) from 1 January 2004 to 31
December 2013. Patients who had been diagnosed with CVDs [non-fatal
Ml, ischaemic stroke, haemorrhagic stroke, atrial fibrillation (AF), and
hospitalization for heart failure] before the index date were excluded.
Furthermore, patients who had been hospitalized for osteoporotic frac-
ture within 2 years before the index date, those who had been diag-
nosed with hypoparathyroidism during the study period, those who had
undergone thyroidectomy for thyroid cancer during the study period,
and those who had received active vitamin D supplementation were ex-
cluded. Patients who had taken calcium supplements with or without vi-
tamin D for at least 3 months were assigned to the total calcium group,
while those who had never taken calcium or vitamin D supplements
were assigned to the control group. Further subgroups are described in
the Supplementary material online, Methods.

Study outcomes

The primary outcome was a composite of major adverse cardiovascu-
lar events, including non-fatal M, ischaemic stroke, and death from car-
diovascular causes, which were well validated in previous NHIS cohort-
based studies.?” The secondary outcomes were hospitalization for heart
failure, AF, and haemorrhagic stroke (Supplementary material online,
Table S1). Each individual was followed up from the index date to the
earliest occurrence of any study outcome, death, or the end of the study
period (31 December 2013).

Covariates

Confounding variables included patient age at the index date, sex, body
mass index, fasting blood glucose level, total cholesterol level, smoking
status (ever or never smoker), alcohol consumption (none, <2 times
per week, or >3 times per week), physical activity (none, <2 times per
week, or >3 times per week), socioeconomic status (lowest 30%, mid-
dle 40%, or highest 30%), comorbidities (diabetes mellitus, hyperten-
sion, and dyslipidaemia), and concurrent medication (antihypertensive
agents, statins, antithrombotic agents, and anti-osteoporotic agents)
(Supplementary material online, Table ST7).

Statistical analysis
Data are presented as means and standard deviations for continuous
variables or as numbers and percentages for categorical variables. We
performed propensity score matching analysis to reduce selection bias
and minimize the imbalance in baseline characteristics between the
groups. Propensity scores were estimated using a multiple logistic re-
gression model that included all confounding variables in Table 1. A total
of 11 297 patients who had received calcium supplements (total cal-
cium group) from the case pool (n = 14 733) were matched in a 1:1
ratio with 11 297 patients who had never received calcium and vita-
min D supplements (control group) from the control pool (n = 14 958)
(Supplementary material online, Figure S1). Matching performance was
evaluated using the absolute standardized difference of variables used
for matching patients from the total calcium group and the control
group. For each group, the incidence of each outcome with its 95%
confidence interval (Cl) was calculated per 1000 person-years. A strat-
ified Cox proportional hazards regression model for matched data was
used to evaluate the relative hazard for events in the calcium groups
[total calcium, calcium-only supplementation (CaO), and calcium sup-
plementation in combination with vitamin D (CaD) groups] considering
the control group as reference; the relative hazards are presented as
the hazard ratio (HR) and its 95% CI. When each calcium group (CaO
or CaD) was compared with the control group, we further readjusted
for variables that were significantly different between the groups. The
same analysis was also performed for calcium intake from supplementa-
tion, with its cumulative dose and cumulative treatment duration used as
time-dependent covariates. Furthermore, restricted cubic spline Cox re-
gression was performed to predict the continuous relationship between
the daily mean dose of calcium from supplementation and cardiovascu-
lar outcomes using four knots placed at 5, 35, 65, and 95 percentiles of
the cumulative average of calcium. Further information about statistical
analysis is presented in the Supplementary material online, Methods.
SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) was used
for all statistical analyses, and a two-sided P-value <0.05 was considered
statistically significant.

Results

Baseline characteristics

After propensity score matching, the baseline characteris-
tics of the calcium and control groups were well balanced
with absolute standardized differences of <0.1 (Table 1 and
Supplementary material online, Figure S2). The overall mean age of
our study population was 59.9 + 8.8 years and 87.9% were female.
In the total calcium group, the mean calcium dose was 537.8 mg,
and the mean duration of calcium intake from supplementation was
22.6 months. Among 11 297 patients who had taken calcium
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Table | Baseline characteristics according to propensity score matching

Control group

Characteristics (n=11297)
Mean (SD) age (years) 59.9 (9.3)
Men, n (%) 1371 (12.1)
Mean (SD) body mass index 23.7 (3.0)
Mean (SD) systolic blood pressure (mmHg) 1243 (16.5)
Mean (SD) fasting glucose (mmol/L) 54 (1.5)
Mean (SD) total cholesterol (mmol/L) 53 (1.0)
Ever smoker, n (%) 1227 (10.9)
Alcohol consumption, n (%)
None 9507 (84.2)
<2 times/week 1364 (12.1)
>3 times/week 426 (3.8)
Regular exercise, n (%) 8001 (70.8)
Socioeconomic status, n (%)
Lower 30% 2720 (24.1)
Middle 40% 3749 (33.2)
Upper 30% 4831 (42.8)
Comorbidities, n (%)
Diabetes mellitus 1020 (9.0)
Hypertension 3676 (32.5)
Dyslipidaemia 2425 (21.5)
Concurrent drug treatment, n (%)
ARB/ACE inhibitors 1730 (15.3)
B-Blockers 1436 (12.7)
CcB 733 (6.5)
Diuretics 1973 (17.5)
Statins 2292 (20.3)
Antithrombotic agents 5320 (47.1)

Daily calcium dose, mean (SD), mg/day —
Duration of calcium treatment, n (%)

3-6 months

6—12 months

>12 months

Calcium (* vitamin D)
group (n = 11 297)

Absolute standardized difference?

60.0 (8.3) 001 0.02
1355 (12.0) 005 0.02
237 (3.0) 0.09 001
1242 (16.3) 0.14 <001
53(1.2) 0.05 0.02
53 (1.0) 003 003
1258 (11.1) 033 001
021 001
9452 (83.7)
1406 (12.5)
439 (3.9)
8167 (72.3) 0.08 003
008 0.02
2690 (23.8)
3671 (32.5)
4936 (43.7)
1013 (9.0) 002 <0.01
3693 (327) 008 <0.01
2395 (21.2) 0.19 <001
1865 (16.5) 0.12 003
1486 (13.2) 0.12 001
761 (6.7) 005 001
2055 (18.2) 0.14 0.02
2263 (20.0) 031 <001
5432 (48.1) 045 0.02

537.8 (245.4)

2490 (22.0)
2404 (21.3)
6403 (56.7)

ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor antagonist; CCB, calcium channel blocker; SD, standard deviation.
@ Absolute standardized differences comparing baseline covariates between the total calcium group and the control group.

supplements, 567 (5%) patients who were treated with cal-
cium supplementation only were included in the CaO group
and 10 730 (95%) patients who were treated with calcium plus
vitamin D supplementation were included in the CaD group
(Supplementary material online, Table S$2). Patients in the CaO
group had more cardiovascular risk factors, including older age,
higher systolic blood pressure, and ever-smoking status, than those
in the CaD group (all P < 0.05).

Risk of major adverse
cardiovascular events
Table 2 shows the incidence rates (per 1000 person-years) and HRs
of major adverse cardiovascular events in the calcium and control
groups. During the median follow-up of 54 months (interquartile

range: 30—78 months), 525 and 487 cardiovascular events occurred
in the total calcium and control groups, respectively. Calcium sup-
plementation did not increase the risk of composite cardiovascu-
lar events (HR: 1.12; 95% Cl: 0.99-1.28). The risks of non-fatal
MI (HR: 1.20; 95% CI: 0.96—1.49), ischaemic stroke (HR: 1.11;
95% Cl: 0.94-1.32), and death due to cardiovascular causes (HR:
0.81; 95% Cl: 0.51-1.29) were not different between the groups
(Supplementary material online, Figure S3).

However, calcium supplementation without vitamin D (CaO
group) was associated with a significantly increased risk of com-
posite cardiovascular events (HR: 1.54; 95% Cl: 1.17-2.04) com-
pared with no calcium supplementation (control group). The risk of
non-fatal Ml was also higher (HR: 1.89; 95% CI: 1.23-2.91) in the
CaO group than in the control group (Figure 7). In contrast, the
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Table 2 Risk of major adverse cardiovascular events
Calcium groups
Control group Total CaO CaD
Study outcomes (n=11297) (n=11297) P-value? (n =567) P-value® (n=10730) P-value®
Composite CVD events
Number of events 487 525 57 468
Incidence per 1000 person-years 8.97 9.73 18.70 9.20
(8.21-9.80) (8.94-10.60) (14.43-24.25) (8.40-10.07)
Hazard ratio (95% Cl) 1.00 112 0.08 154 <0.01 112 0.11
(ref) (0.99-1.28) (1.17-2.04) (0.98-1.28)
Non-fatal myocardial infarction
Number of events 173 198 24 174
Incidence per 1000 person-years 3.14 3.61 7.66 3.37
(2.71-3.65) (3.14-4.15) (5.13-11.43) (2.90-3.90)
Hazard ratio (95% Cl) 1.00 120 0.11 1.89 <0.01 113 0.30
(ref) (0.96-1.49) (1.23-2.91) (0.90-1.42)
Ischaemic stroke
Number of events 291 313 31 282
Incidence per 1000 person-years 5.31 5.75 9.93 5.49
(4.73-5.96) (5.14-6.42) (6.98-14.12) (4.89-6.17)
Hazard ratio (95% Cl) 1.00 1.1 0.23 133 0.13 112 0.20
(ref) (0.94-1.32) (0.91-1.95) (0.94-1.33)
Cardiovascular deaths
Number of events 46 38 5 33
Incidence per 1000 person-years 0.83 0.69 1.56 0.63
(0.62-1.11) (0.50-0.94) (0.65-3.74) (0.45-0.89)
Hazard ratio (95% Cl) 1.00 0.81 0.37 0.94 0.90 0.96 0.86
(ref) (0.51-1.29) (0.33-2.61) (0.57-1.60)

CaO, calcium only; CaD, calcium plus vitamin D; Cl, confidence interval; CVD, cardiovascular disease; MI, myocardial infarction; ref, reference.
2 The P-value for comparing the total calcium group with the control group was obtained by stratified Cox proportional hazards regression analysis with further adjustment

for the use of anti-osteoporotic agents.

® The P-value for comparing the CaO or CaD group with the control group was obtained by multiple Cox proportional hazards regression analysis after adjusting for age,
sex, body mass index, systolic blood pressure, fasting blood glucose level, total cholesterol level, smoking status, alcohol intake, level of physical activity, socioeconomic status,

comorbidities, concurrent drug treatment, and use of anti-osteoporotic agents.

CaD group showed no increase in the risk of major adverse cardio-
vascular events compared with the control group (HR: 1.12; 95%
Cl: 0.98-1.28).

Risk of major adverse cardiovascular
events according to the duration

and dose of calcium supplementation

Given that calcium supplementation without vitamin D has been
associated with an increased risk of cardiovascular events, we in-
vestigated a possible dose-dependent relationship between calcium-
only supplementation and cardiovascular risk. Compared with no
calcium supplementation (control group), calcium-only supplemen-
tation (CaO group) at the highest daily dose (=1000 mg) (HR: 1.92;
95% CI: 1.13-3.25) and that for the longest duration (>12 months)
(HR: 1.96; 95% ClI: 1.32-2.93) were significantly associated with
an increased risk of composite cardiovascular outcomes (Table 3).
However, these relationships were not observed in the CaD group.

The spline curves for the relationship between the daily average dose
of calcium and cardiovascular risk also showed different patterns in
the CaO and CaD groups (Figure 2).

Subgroup analysis for the risk

of composite cardiovascular events

Figure 3 shows the results of subgroup analyses of the association
between calcium supplementation and composite CVD events in
the CaO group. No significant interactions were found between
calcium supplementation and all stratified variables (all P for inter-
action >0.05), except for treatment with a calcium channel blocker.
The HR of composite CVD events was higher in patients taking
a calcium channel blocker and calcium supplements than in those
taking a calcium channel blocker but not calcium supplements (HR:
3.38; 95% Cl: 1.87-6.12). In the CaD group, there were no signifi-
cant interactions between calcium supplementation and all stratified
variables (all P for interaction >0.05; Supplementary material online,
Figure S4).
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Figure | Kaplan—Meier survival curves for composite cardiovascular events in the total calcium group with the control group used for compar-

ison.

Discussion

In this propensity-matched cohort study including people diagnosed
with osteoporosis without established CVD, calcium supplementa-
tion was not associated with an increased risk of major cardiovas-
cular events. However, the results differed depending on whether
vitamin D was concomitantly used or not. Calcium supplementa-
tion without vitamin D, especially at a high dose (>1000 mg) or
for a long duration (>12 months), was associated with a higher risk
of composite CVD events, while the combined use of calcium and
vitamin D did not show an increased risk of CVD.

Osteoporosis is a metabolic bone disease characterized by low
bone mass and decreased bone quality, with a consequent increase
in fracture risk.2® Osteoporotic fracture has become one of the ma-
jor healthcare problems leading to reduced quality of life and high
mortality, especially in elderly patients.?’” Therefore, preventing and
managing osteoporosis and osteoporotic fractures are important.?’
Calcium supplementation has been widely used in most patients
with osteopenia or osteoporosis, especially elderly patients at high
risk of fractures.? In this regard, there has been a need for stronger
evidence to confirm the cardiovascular safety of calcium supplemen-

tation.” Although the mechanism underlying the increased CVD risk
with calcium supplementation is not fully understood, there have
been several speculations.?® First, serum calcium levels rapidly in-
crease after the ingestion of calcium supplements, resulting in ac-
celerated vascular calcification.?” Updated Mendelian randomization
analysis also supports this by showing causal evidence for harmful ef-
fects of genetically elevated serum calcium levels related to CVD, es-
pecially MI.3%3" Second, both clot initiation and clot strength are as-
sociated with hypercalcaemia in humans owing to the importance of
calcium in the coagulation pathway with respect to calcium-sensing
receptors.3? Recent studies have shown that calcium supplementa-
tion over 5 years or after 10 years of follow-up increased the risk

of coronary artery calcification.>334

Coronary intravascular ultra-
sound as a highly sensitive imaging modality for detecting volumet-
ric plaque changes also further demonstrated progressive arterial
calcification in patients receiving calcium supplementations.3> Previ-
ous meta-analyses were in line with the above hypothesis reporting
that patients taking calcium supplements had an ~20% increased in-
cidence of Ml compared with those taking placebos.""® Yang et al.
also reported increased risk of coronary artery disease with cal-

cium supplementation with or without vitamin D by 8%, which was
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Table 3 Risk of composite cardiovascular outcomes associated with the daily dose and duration of calcium
and/or vitamin D supplementation

Incidence (per 1000

n person-years)
Total calcium group
Control 11297 8.97 (8.21-9.80)
Daily average dose of calcium
<500 mg 4416 9.77 (8.52-11.20)
500-1000 mg 5185 8.60 (7.52-9.840)
>1000 mg 857 11.99 (8.95-16.05)
Duration of calcium supplementation®
<6 months 11297 10.51 (9.01-12.25)
6—12 months 8807 9.67 (8.18-11.44)
>12 months 6403 9.27 (8.14-10.57)
Daily average dose of vitamin D
<800 IU 5589 8.55 (7.52-9.71)
>800 IU 5125 9.79 (8.60-11.14)
CaO group
Control 11297 8.97 (8.21-9.80)
Daily average dose of calcium
<500 mg 146 17.14 (10.33-28.42)
500-1000 mg 265 19.09 (12.09-28.25)
>1000 mg 138 19.13 (11.33-32.29)
Duration of calcium supplementation®
<6 months 567 13.91 (8.52-22.71)
6—12 months 389 17.17 (10.35-28.48)
>12 months 236 25.39 (17.29-37.30)
CabD group
Control 11297 8.97 (8.21-9.80)
Daily average dose of calcium
<500 mg 4270 9.45 (8.20-10.89)
500-1000 mg 4920 8.01 (6.94-9.25)
>1000 mg 719 10.26 (7.21-14.58)
Duration of calcium supplementation®
<6 months 10730 10.24 (8.71-12.03)
6—12 months 8418 9.18 (7.68-10.97)
>12 months 6167 8.57 (7.46-9.84)
Daily average dose of vitamin D
<800 IU 5589 8.55 (7.52-9.71)
>800 IU 5125 9.79 (8.60-11.14)

No. of Unadjusted HR Adjusted HR?

events (95% CI) (95% CI)
487 Reference Reference
206 1.08 (0.92-1.28) 1.08 (0.91-1.27)
211 0.96 (0.81-1.12) 0.97 (0.82-1.14)
45 1.34 (0.99-1.82) 1.29 (0.95-1.74)
163 1.19 (0.99-1.42) 1.15 (0.96-1.37)
136 1.08 (0.90-1.31) 1.04 (0.86-1.26)
226 1.02 (0.87-1.19) 1.05 (0.89-1.23)
235 0.95 (0.81-1.11) 0.98 (0.83-1.14)
228 1.09 (0.93-1.27) 1.07 (0.92-1.26)
487 Reference Reference
16 1.87 (1.11-3.14) 1.47 (0.87-2.47)
15 2.12 (1.41-3.16) 1.39 (0.93-2.08)
26 2.11 (1.25-3.57) 1.92 (1.13-3.25)
16 1.61 (0.98-2.65) 1.42 (0.86-2.35)
15 1.97 (1.18-3.29) 1.25 (0.74-2.11)
26 2.80 (1.89—-4.15) 1.96 (1.32-2.93)
487 Reference Reference
191 1.05 (0.89-1.24) 1.15 (0.97-1.38)
186 0.89 (0.75-1.05) 1.01 (0.84-1.20)
31 1.15 (0.80-1.66) 1.22 (0.84-1.76)
147 1.16 (0.96-1.39) 123 (1.02-1.49)
121 1.03 (0.84-1.25) 1.12 (0.91-1.38)
200 0.94 (0.79-1.11) 1.09 (0.92-1.29)
235 0.95 (0.81-1.11) 1.05 (0.90-1.24)
228 1.09 (0.93-1.27) 1.17 (0.99-1.38)

CaO, calcium only; CaD, calcium plus vitamin D; Cl, confidence interval; HR, hazard ratio.
2 Calculated by multiple Cox proportional hazards regression analysis adjusted for age, sex, body mass index, systolic blood pressure, fasting blood glucose level, total

cholesterol level, smoking status, alcohol intake, level of physical activity, socioeconomic status, comorbidities, concurrent drug treatment, and use of anti-osteoporotic agents.
® Using time-dependent Cox proportional hazards regression analysis.

deteriorated with higher risk of coronary artery disease by 20%
when calcium supplementation alone was taken. Moreover, their
dose—response analysis concerned taking calcium intake higher than
1000 mg/day with increasing risk of coronary heart disease. These
findings support our results of a higher risk of CVD with calcium
supplementation alone, especially at the highest dose (>1000 mg)
or for the longest duration (>12 months). Therefore, when calcium
supplementation alone is used, the elemental calcium dose should
be restricted up to 1000 mg/day for cardiovascular safety.

The different effects on cardiovascular health caused by the for-
mulation of calcium intake need to be clarified. Contrary to the
supplemental form, dietary calcium intake has been reported as de-
creasing risks of CVD according to previous studies.®3¢ Transient
hypercalcaemia caused by calcium supplementation might be a rea-
son, while dietary calcium intake did not show prominent change
of serum calcium level3” Dairy products are composed of cal-
cium hydroxyapatite that is more incorporated into bones, which
have less impact on the level of serum calcium. However, calcium
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Figure 2 Multivariable adjusted spline curves for the relationship between average calcium supplement dose and the time to events.

supplements mainly containing calcium salts can increase serum cal-
cium acutely.3® Yang et al. also supported the hypothesis that there
was no association between dietary calcium intake and the risk of
CVvD#

However, calcium supplementation in the total calcium group did
not appear to increase the risk of CVD in our study. The differ-
ence between our results and those of previous studies performed
in Caucasians may be explained by the characteristics of our study
population with a low calcium intake.'”3° A study from the Ko-
rea National Health and Nutrition Examination Survey reported
that the mean daily calcium intake was only 490 mg/day in Koreans,
which is much lower than that in Caucasians.'?*° Thus, low calcium
intake in the Korean population may have resulted in underestima-
tion of the cardiovascular risk related to calcium supplementation
in this study. Another explanation of our neutral outcome involves
the differential effects of calcium supplementation alone and calcium
supplementation with vitamin D, which were discussed in several
studies.®23#! Coadministration of vitamin D with calcium supple-
mentation in most patients in our study might be a crucial fac-
tor for the attenuation of the cardiovascular risk of calcium sup-
plementation alone. Evidence has demonstrated a link between
decreased vitamin D levels and CVD, supporting the cardiopro-
tective role of vitamin D supplementation.*? Vitamin D can pro-
tect vessel walls against atherosclerosis by increasing the expression
of anti-inflammatory cytokines, decreasing the expression of pro-
inflammatory molecules, and down-regulating plaque-destabilizing
enzymes.* Notably, the prevalence of vitamin D deficiency (defined
as the serum 25(OH)D level of <20 ng/ml), a well-known risk factor
for CVD, has been increasing in South Korea, reaching 75.2% in men
and 82.5% in women.** Considering these findings together, com-
bined vitamin D and calcium supplementation in our patients, who
were assumed to have severe vitamin D deficiency, may have led to
better outcomes than those expected in other populations. Except
for cardiovascular outcomes, there has been little evidence evaluat-
ing the differential effect of calcium supplements alone or in com-
bination with vitamin D. Several studies compared the difference of
vitamin D between with and without calcium supplements regarding
non-cardiovascular effects.***¢ Vitamin D with calcium supplements
had beneficial effects on hip fracture and mortality compared with
vitamin D alone. Their interaction can be explained by the differ-

ent degrees of calcium absorption based on heterogeneous status
of mineral metabolism and various study designs.*/

Interestingly, the HR of composite CVD was significantly higher
in participants who take calcium supplements and calcium channel
blockers at the same time in our subgroup analysis. The effect of
combination treatment with these drugs on the cardiovascular sys-
tem has not yet been elucidated.*®*’ According to Civantos et dl.,
calcium supplements can antagonize the effect of the calcium chan-
nel blockers in older rats (20- and 25-week-old spontaneously hy-
pertensive rats), showing that concomitant use of calcium-enriched
diet and amlodipine increased blood pressures higher than those
of rats taking normal calcium diet with amlodipine.® However,
there has been little evidence studying humans about this issue
so far, and further research may be warranted to validate the
findings.

The present study has several strengths. First, the number of pa-
tients was high, providing sufficient statistical power. Second, we
used the propensity score matching method to reduce any imbal-
ance between the calcium-treated and untreated groups by reflect-
ing real clinical practice. We also considered a wide range of vari-
ables as covariates that affect CVD risk, including demographic and
socioeconomic characteristics, biochemical data, comorbidities, and
concurrent medication. Additionally, a detailed analysis was con-
ducted according to the exposure-response relationship between
calcium and vitamin D in terms of dose and duration. However, this
study also had some limitations that warrant discussion. First, we
could not consider information about the real calcium intake of each
patient because this database did not include nutritional information
such as data on dietary calcium intake or additional calcium supple-
mentation not covered by the NHIS. However, a well-designed study
reported that the mean daily calcium intake in the general South
Korean population was lower than that in other ethnic groups.'
A recent study also announced that most Koreans have not taken
health supplements including calcium and vitamin D.** Therefore,
the difference in unrevealed calcium intake from supplementation
between the two groups is unlikely to have affected the results. Sec-
ond, data on serum vitamin D and calcium levels were not available in
this NHIS-HEALS cohort. Therefore, the baseline status of mineral
deficiency could not be considered. Third, the possibility of resid-
ual confounding factors including medication adherence cannot be
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Subgronps event / total event / total Hazard Ratio (950/0 CI) Il:'al“e for
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Age 0.123
= 65 years 33232 27173407 —— 130 (0.91-1.87)
<65 years 24/335 216/7890 e 202 (1313.11)
Sex 0222
Male 16/133 86/1371 e 118 (0.69-2.00)
Female 41/434 401/9926 e 1.73 (1.25-2.38)
BMI 0.997
225 19/180 156/3454 — 154 (0.96-249)
<25 38/387 331/7843 — 154 (1.10-2.17)
Hypertension 0.187
Yes 38/223 248/3676 — 1.80 (126-255)
No 19/344 239/7621 —— 121 (0.75-199)
Type 2 diabetes 0.630
Yes 10/58 67/1020 . 1.80 (0.90-3.61)
No 47/509 420/10277 —. 150 (1.11-2.03)
Dyslipedemia 0233
Yes 15/94 1222425 e 208 (1.19-3.62)
No 42/473 365/8872 . 141 (1.02-1.95)
ARB/ACE inhibitor 0.158
Yes 23/101 122/1730 —_— 201 (1.30-3.11)
No 34/466 365/9567 —. 134 (0.93-193)
B-blocker 0.407
Yes 15/108 119/1436 R 129 (0.78-2.12)
No 42/459 368/9861 — 166 (1.19-231)
CCB 0.004
Yes 17/59 54/733 —_— e 338 (1.876.12)
No 40/508 433/10564 — 125 (0.90-1.73)
Diuretics 0.822
Yes 21/134 143/1973 —. 161 (1.02-254)
No 36/433 344/9324 — 151 (1.06-2.15)
Statin 0.362
Yes 14/89 114/2292 _— 195 (1.10-347)
No 43/478 373/9005 B 144 (1.05-1.99)
Antithrombotics 0.563
Yes 40/306 284/5320 R 163 (1.17-229)
No 17/261 203/5977 e 137 (0.83-227)

06 1 14182226 3 3438

Favours Favours
Calcium non-calcium treatment

Figure 3 Subgroup analysis of the incidence of composite cardiovascular events in the calcium-only supplementation group with the control
group used for comparison.

excluded, although we adjusted for diverse variables. Lastly, caution - diseases related to previous CVD and mineral metabolism, such as
should be taken when generalizing our results to other populations . chronic kidney disease and parathyroid disease, at baseline. How-
because our study only included part of Koreans, not even whole * ever, the use of these selection criteria allowed the creation of ho-
Koreans due to the design of cohort;?* we also excluded those with -+ mogeneous populations and reduced confounding bias.

120z 1snbny 0 uo Jasn Aseiqi Aysianiun eaioy Aq 219€81£9/#S09eAd/dadlya/ce0 L 0L /1op/aone-aoueape/dasfys/wod-dno-oiwapede//:sdiy woly papeojumoq



Calcium supplementation and cardiovascular safety

Conclusions

We found that calcium supplementation with vitamin D did not in-
crease the risk of CVD among patients with osteoporosis without
baseline CVD. This result reflects a real-world setting, where cal-
cium supplementation is usually prescribed with vitamin D supple-
mentation. However, taking calcium supplements alone without vi-
tamin D supplements was associated with an increased risk of CVD,
especially non-fatal Ml, even among populations with low calcium in-
takes, such as the Korean population. Therefore, our study confirms
the cardiovascular safety of calcium supplements with vitamin D, but
excess calcium supplements without vitamin D are associated with
a potential risk of CVD.
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Acknowledgements

K.J.K. and M.S.K. contributed equally to this study as first authors.
Also, J.L. and S.G.K. contributed equally to this study as correspond-
ing authors. N.H.K., J.H.B., K.J.K.,, N.H., and Y.R. performed a specific
critical review.

Data availability

Data sets are available through approval and oversight by the
Korean National Health Insurance Service. Statistical code: see
Supplementary material online.

Conflict of interest: None declared.

References
1. Cosman F, de Beur §J, LeBoff MS, Lewiecki EM, Tanner B, Randall S, Lindsay R,
National Osteoporosis Foundation. Clinician’s guide to prevention and treatment
of osteoporosis. Osteoporos Int 2014;25:2359-2381.

. Eastell R, Rosen CJ, Black DM, Cheung AM, Murad MH, Shoback D. Phar-
macological management of osteoporosis in postmenopausal women: an En-
docrine Society Clinical Practice Guideline. | Clin Endocrinol Metab 2019;104:
1595-1622.

. Rizzoli R, Boonen S, Brandi M, Burlet N, Delmas P, Reginster J-Y. The role of calcium
and vitamin D in the management of osteoporosis. Bone 2008;42:246-249.

4. Tai V, Leung W, Grey A, Reid IR, Bolland M. Calcium intake and bone mineral
density: systematic review and meta-analysis. BMJ 2015;351:h4183.

. Reid IR, Bolland M]. Controversies in medicine: the role of calcium and vitamin D
supplements in adults. Med J Aust 2019;211:468—473.

6. Bolland M), Barber PA, Doughty RN, Mason B, Horne A, Ames R, Gamble GD,
Grey A, Reid IR. Vascular events in healthy older women receiving calcium supple-
mentation: randomised controlled trial. BM| 2008;336:262-266.

7. Heravi AS, Michos ED. Vitamin D and calcium supplements: helpful, harm-
ful, or neutral for cardiovascular risk? Methodist Debakey Cardiovasc | 2019;15:
207-213.

8. Yang C, Shi X, Xia H, Yang X, Liu H, Pan D, Sun G. The evidence and controversy
between dietary calcium intake and calcium supplementation and the risk of car-
diovascular disease: a systematic review and meta-analysis of cohort studies and
randomized controlled trials. ] Am Coll Nutr 2020;39:352-370.

9. Tankeu AT, Ndip Agbor V, Noubiap JJ. Calcium supplementation and cardiovascular
risk: a rising concern. J Clin Hypertens 2017;19:640-646.

10. Lappe JM, Heaney RP. Why randomized controlled trials of calcium and vitamin D

sometimes fail. Dermato-endocrinology 2012;4:95-100.

11. Hsia J, Heiss G, Ren H, Allison M, Dolan NC, Greenland P, Heckbert SR,

Johnson KC, Manson JE, Sidney S, Trevisan M,Women’s Health Initiative

N

w

(%

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

Investigators. Calcium/vitamin D supplementation and cardiovascular events. Cir-
culation 2007;115:846-854.

Prince RL, Devine A, Dhaliwal SS, Dick IM. Effects of calcium supplementation
on clinical fracture and bone structure: results of a 5-year, double-blind, placebo-
controlled trial in elderly women. Arch Intern Med 2006;166:869-875.

Grant AM, Avenell A, Campbell MK, McDonald AM, MacLennan GS, McPher-
son GC, Anderson FH, Cooper C, Francis RM, Donaldson C, Gillespie W],
Robinson CM, Torgerson D), Wallace WA, RECORD Trial Group. Oral vitamin
D3 and calcium for secondary prevention of low-trauma fractures in elderly peo-
ple (Randomised Evaluation of Calcium Or vitamin D, RECORD): a randomised
placebo-controlled trial. Lancet 2005;365:1621-1628.

Reid IR, Mason B, Horne A, Ames R, Reid HE, Bava U, Bolland M), Gamble
GD. Randomized controlled trial of calcium in healthy older women. Am | Med
2006;119:777-785.

Mao PJ, Zhang C, Tang L, Xian YQ, Li YS, Wang WD, Zhu XH, Qiu HL, He
], Zhou YH. Effect of calcium or vitamin D supplementation on vascular out-
comes: a meta-analysis of randomized controlled trials. Int | Cardiol 2013;169:
106-111.

Lewis JR, Radavelli-Bagatini S, Rejnmark L, Chen JS, Simpson JM, Lappe |M,
Mosekilde L, Prentice RL, Prince RL. The effects of calcium supplementation on ver-
ified coronary heart disease hospitalization and death in postmenopausal women:
a collaborative meta-analysis of randomized controlled trials. | Bone Miner Res
2015;30:165-175.

Bolland M), Avenell A, Baron JA, Grey A, MacLennan GS, Gamble GD, Reid IR.
Effect of calcium supplements on risk of myocardial infarction and cardiovascular
events: meta-analysis. BMJ 2010;341:c3691.

Bolland MJ, Grey A, Avenell A, Gamble GD, Reid IR. Calcium supplements with
or without vitamin D and risk of cardiovascular events: reanalysis of the VWomen's
Health Initiative limited access dataset and meta-analysis. BM/ 2011;342:d2040.
Kim KM, Choi SH, Lim S, Moon JH, Kim JH, Kim SW, Jang HC, Shin CS. Interactions
between dietary calcium intake and bone mineral density or bone geometry in a
low calcium intake population (KNHANES IV 2008-2010). J Clin Endocrinol Metab
2014,99:2409-2417.

Scragg R, Stewart AW, Waayer D, Lawes CMM, Toop L, Sluyter J, Murphy J, Khaw
KT, Camargo CA, Jr. Effect of monthly high-dose vitamin D supplementation on
cardiovascular disease in the vitamin D assessment study: a randomized clinical trial.
JAMA Cardiol 2017;2:608-616.

Manson JE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S, Gibson H,
Gordon D, Copeland T, D’Agostino D, Friedenberg G, Ridge C, Bubes V, Giovan-
nucci EL, Willett WC, Buring JE, VITAL Research Group. Vitamin D supplements
and prevention of cancer and cardiovascular disease. N Engl | Med 2019;380:33-44.
Barbarawi M, Kheiri B, Zayed Y, Barbarawi O, Dhillon H, Swaid B, Yelangi A, Sundus
S, Bachuwa G, Alkotob ML, Manson JE. Vitamin D supplementation and cardiovas-
cular disease risks in more than 83 000 individuals in 21 randomized clinical trials:
a meta-analysis. JAMA Cardiol 2019;4:765-776.

Rodriguez-Martin S, Gonzilez-Bermejo D, Rodriguez-Miguel A, Barreira D, Garcia-
Lledé A, Gil M, de Abajo FJ. Risk of myocardial infarction among new users of
calcium supplements alone or combined with vitamin D: a population-based case-
control study. Clin Pharmacol Ther 2020;107:359-368.

Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort profile: the National Health Insur-
ance Service-National Sample Cohort (NHIS-NSC), South Korea. Int | Epidemiol
2017;,46(2):e15.

Kim NH, Han KH, Choi J, Lee J, Kim SG. Use of fenofibrate on cardiovascular
outcomes in statin users with metabolic syndrome: propensity matched cohort
study. BMJ 2019;366:15125.

Wong SK, Chin KY, Suhaimi FH, Ahmad F, Ima-Nirwana S. The relation-
ship between metabolic syndrome and osteoporosis: a review. Nutrients 2016;
8:347.

Caliri A, De Filippis L, Bagnato GL, Bagnato GF. Osteoporotic fractures: mortality
and quality of life. Panminerva Med 2007;49:21-27.

Reid IR, Birstow SM, Bolland M]. Calcium and cardiovascular disease. Endocrinol
Metab 2017;32:339-349.

Green JH, Booth C, Bunning R. Postprandial metabolic responses to milk enriched
with milk calcium are different from responses to milk enriched with calcium car-
bonate. Asia Pac | Clin Nutr 2003;12:109-119.

Zhou A, Morris HA, Hyppénen E. Health effects associated with serum calcium
concentrations: evidence from MR-PheWAS analysis in UK Biobank. Osteoporos Int
2019;30:2343-2348

Larsson SC, Burgess S, Michaélsson K. Association of genetic variants related to
serum calcium levels with coronary artery disease and myocardial infarction. JAMA
2017;318:371-380.

James MF, Roche AM. Dose-response relationship between plasma ionized cal-
cium concentration and thrombelastography. | Cardiothorac Vasc Anesth 2004;18:
581-586.

Hulbert M, Turner ME, Hopman WM, Anastassiades T, Adams MA, Holden RM.
Changes in vascular calcification and bone mineral density in calcium supplement

120z 1snbny 0 uo Jasn Aseiqi Aysianiun eaioy Aq 219€81£9/#S09eAd/dadlya/ce0 L 0L /1op/aone-aoueape/dasfys/wod-dno-oiwapede//:sdiy woly papeojumoq


https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvab054#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvab054#supplementary-data

10

K.J. Kim et al.

34.

35.

36.

37.

38.

39.

40.

users from the Canadian Multi-center Osteoporosis Study (CaMOS). Atherosclerosis
2020;296:83-90.

Anderson JJ, Kruszka B, Delaney JA, He K, Burke GL, Alonso A, Bild DE, Budoff
M, Michos ED. Calcium intake from diet and supplements and the risk of coro-
nary artery calcification and its progression among older adults: 10-year follow-up
of the Multi-Ethnic Study of Atherosclerosis (MESA). | Am Heart Assoc 2016;5:
e003815.

Bazarbashi N, Kapadia SR, Nicholls S), Carlo |, Gad MM, Kaur M, Karrthik A,
Sammour YM, Diab M, Ahuja KR, Tuzcu EM, Nissen SE, Puri R. Oral calcium
supplements associate with serial coronary calcification: insights from intravascular
ultrasound. JACC Cardiovasc Imaging 2021;14:259-268.

Khan B, Nowson CA, Daly RM, English DR, Hodge AM, Giles GG, Ebeling PR.
Higher dietary calcium intakes are associated with reduced risks of fractures, car-
diovascular events, and mortality: a prospective cohort study of older men and
women. | Bone Miner Res 2015;30:1758-1766.

Green JH, Booth C, Bunning R. Postprandial metabolic responses to milk enriched
with milk calcium are different from responses to milk enriched with calcium car-
bonate. Asia Pac J Clin Nutr 2003;12:109-119.

Astrup A, Aruoma Ol. Calcium supplementation and coronary artery disease: time
to act? | Am Coll Nutr 2020;39:287-289.

Balk EM, Adam GP, Langberg VN, Earley A, Clark P, Ebeling PR, Mithal
A, Rizzoli R, Zerbini CAF, Pierroz DD, Dawson-Hughes B, International
Osteoporosis Foundation Calcium Steering Committee. Global dietary cal-
cium intake among adults: a systematic review. Osteoporos Int 2017;28:3315—
3324

de Abajo FJ, Rodriguez-Martin S, Rodriguez-Miguel A, Gil M). Risk of ischemic stroke
associated with calcium supplements with or without vitamin D: a nested case-
control study. ] Am Heart Assoc 2017,6:¢€005795.41.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Mozos |, Marginean O. Links between vitamin D deficiency and cardiovascular dis-
eases. Biomed Res Int 2015;2015:1.

Pérez-Hernandez N, Aptilon-Duque G, Nostroza-Hernandez MC, Vargas-Alarcon
G, Rodriguez-Pérez JM, Blachman-Braun R. Vitamin D and its effects on cardiovas-
cular diseases: a comprehensive review. Korean | Intern Med 2016;31:1018-1029.
Park JH, Hong 1Y, Chung JW, Choi HS. Vitamin D status in South Korean population:
seven-year trend from the KNHANES. Medicine 2018;97:e11032.

Park JH. Which types of dietary supplements are used in Korea? Data from the
2015 Korea National Health and Nutrition Examination Survey. Korean | Health
Promot 2018;18:107-112.

Yao P, Bennett D, Mafham M, Lin X, Chen Z, Armitage J, Clarke R. Vitamin D and
calcium for the prevention of fracture. JAMA Netw Open 2019;2:e1917789.
Rejnmark L, Avenell A, Masud T, Anderson F, Meyer HE, Sanders KM, Salovaara
K, Cooper C, Smith HE, Jacobs ET, Torgerson D, Jackson RD, Manson JE, Brixen
K, Mosekilde L, Robbins JA, Francis RM, Abrahamsen B. Vitamin D with calcium
reduces mortality: patient level pooled analysis of 70,528 patients from eight major
vitamin D trials. | Clin Endocrinol Metab 2012,97:2670-2681.

Heaney RP. Vitamin D and calcium interactions: functional outcomes. Am J Clin Nutr
2008;88:5415-5448S.

Sato K, Dohi Y, Miyagawa K, Kojima M. Acute antihypertensive effects of calcium
channel blockers are not affected by calcium supplementation in patients with es-
sential hypertension. Jpn Heart | 1998;39:347-353.

Pang PK, Benishin CG, Lewanczuk RZ. Combined effect of dietary calcium and
calcium antagonists on blood pressure reduction in spontaneously hypertensive
rats. | Cardiovasc Pharmacol 1992;19:442—446.

Civantos B, Aleixandre A. Effect of dietary calcium supplements and amlodipine on
growth, arterial blood pressure, and cardiac hypertrophy of spontaneously hyper-
tensive rats. Clin Exp Hypertens 2003;25:495-508.

120z 1snbny 0 uo Jasn Aseiqi Aysianiun eaioy Aq 219€81£9/#S09eAd/dadlya/ce0 L 0L /1op/aone-aoueape/dasfys/wod-dno-oiwapede//:sdiy woly papeojumoq



